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The present paper discusses the development of a participatory approach to promote medicinal and
aromatic plant (MAP) cultivation as a tool for biodiversity conservation and livelihood enhancement in
Champawat district of Uttarakhand state in India. People perception analysis revealed that farmers were
dependent solely on the wild collection of MAPs before the initiation of the National Agriculture Inno-
vation Project. However, they later engaged in cultivation practices. During the course of study, the
propagation protocols of 11 selected MAPs of that area were developed and a cost-beneﬁt analysis was
performed. A series of meetings and exposure visits were organized and a memorandum of under-
standing was simultaneously signed between farmers and traders for promoting a buy-back system of
MAPs. One hundred thirty-two farmers adopted MAP cultivation in 14 hectares of land. This approach
provides opportunities for farmers to build skills, knowledge, and self conﬁdence, and conserve MAP
diversity in their natural habitat.
Copyright  2015, National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA).
Production and hosting by Elsevier. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Medicinal and aromatic plants (MAPs) are gaining popularity
globally as a source of raw material for pharmaceuticals and
traditional health care system (Maikhuri et al 1998; Diallo et al
1999; Azaizeh et al 2003; Kandari et al 2012). More than 85% of
herbal medicines used in traditional health care systems are
derived from medicinal plants (Farnsworth 1988; Prasad and
Bhattacharya 2003; Phondani et al 2014) and ensure the liveli-
hoods of millions of people, especially in the Indian Himalayan
region (Phondani et al 2011). The wide altitudinal variation,
different habitat types, and varying microclimatic conditions in the
Himalayan region form an ideal environment for the growth and
development of MAPs (Dhar et al 1997; Kala 2005; Sher et al 2010).
However, indiscriminate collection and overharvesting of MAParch and Development, Qatar
P.O. Box 210162, Doha, Qatar.
useum of Korea (NSMK) and
National Science Museum of Korea
license (http://creativecommons.species from their natural habitats have adversely affected their
availability.
Therefore, approaches for cultivation, sustainable harvesting,
and protection against existing threats should be developed for the
conservation of MAPs and livelihood enhancement of local com-
munities in the Indian Himalayan region. This has become a priority
agenda as part of meeting the international obligations under the
biodiversity convention (Rao et al 2003). As such, MAP cultivation is
emerging as a sector of self-employment (Maikhuri et al 2001) and
an option for livelihood enhancement versus the cultivation of
traditional food crops (Nautiyal and Nautiyal 2004; Phondani et al
2011). This is particularly important when demand for a variety of
MAP species is increasing with the expanding growth of human
population (Maikhuri et al 2003).
As a result, indiscriminate collection of the MAPs from the wild
is occurring, which has threatened the status of several high-value
MAP species. This outcome has been widely recognized, and
threatened wild species need to be brought under cultivation
(Lambert et al 1997; Schippmann et al 2002). As such, production
through cultivation can reduce the pressure on wild medicinal
plant populations, and maintain uniformity in production. In
addition, the present approach will prevent environmental(NSMK) and Korea National Arboretum (KNA). Production and hosting by Elsevier.
org/licenses/by-nc-nd/4.0/).
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2000; Kala 2005). Therefore, promoting the cultivation of medici-
nal and aromatic plants in the farmer’s ﬁeld was attempted (1) to
evaluate the yield and cost-beneﬁt analysis of cultivated MAP
species and (2) to provide technical skill to farmers.
Materials and methods
Study area and socioeconomic proﬁle
The district Champawat in the year 1997was between 29o50 and
29o300 in the northern latitude and 79o550 and 80o30 at the center
of the eastern longitude of Kumaun, west Himalaya, India. The
present study involved 10 villages: Dharaunj, Bhaisarg, Pati,
Gumod, Bapru, Raikot, Mudiyani, Benlekh, Khoonti, and Bastiya. All
villages were under three different village clustersdDharaunj,
Gumod, and Mudiyanidin the Champawat district of Uttarakhand
state in India (Figure 1). The average population of the studied
clusters is 3340 individuals, inhabited by 570 households, with an
average family size of 5.8 individuals (Census 2011). The rural set-
tlement of the study area is at an altitudinal from 800 m asl to
1800 m asl. The average temperature is highest in May and June
(22Ce36C) and lowest in January (3Ce12C). Heavy rainfall oc-
curs from June to September and accounts for nearly 61% of the
total annual rainfall. The topography generally consists of high hills
with deep slopes.
Perception analysis
The Participatory Rural Appraisal approach was adopted for the
ﬁeld study (Bisht et al 2006; Sahoo et al 2010; Phondani et al 2011).
Information was gathered concerning the dependency of villagers
on MAPs in each village cluster, and each household’s source of
income, family size, and landholding. Cluster level meetings, group
discussions, and personal interviews were conducted among each
household to collect information on the feasibility of MAP culti-
vation, market demands, conservation status, ethnobotanical uses,
etc. in the study area during 2008e2013. One hundred thirty-two
respondents were randomly selected and interviewed to collect
information on the most preferred MAP species for their use. The
perceptions of local people during ﬁeld trips were recorded, based
on sociodemographic characteristics such as sex, education (i.e.
literate or illiterate) and different age groups (i.e. 20 years, 21e50
years, and 51 years) (Phondani et al 2010). The selection of MAPs
was based on acceptability, adaptability, ease of cultivation, market
demands, and economic potential. Information was also generated
for the purpose of the collection period, quantity of collection, and
problems villagers faced during the collection of MAPs from the
wild.
Participatory action research framework approach
The participatory action research framework approach used in
the present study was derived from the “Farmer First” concept
(Chambers et al 1989), which was introduced in late 1980s. In
contrast to conventional top-down approaches, it is an inventive
technique to encourage farmers’ participation in cultivating MAPs
and sustainable conservation in their natural habitat. It is based on
the realization that local people and scientists have different in-
formation and skills, which may be complementary; by working
together, farmers and researchers can achieve better results than
either would by working alone (Hoffmann et al 2007). Farmers are
very aware of the participatory approach development for the se-
lection of MAP cultivation and their sustainable utilization. Local
people who are directly and indirectly involved in the medicinalplant sectors can combine their experiences with scientiﬁc
knowledge to achieve the goals of conservation and livelihood
enhancement in the region (Figure 2).
Prioritization of MAPs
The participatory action research framework approach focuses
on user and subject experts. Both groups have detailed knowledge
on MAPs. Major concerns of users (e.g. farmers, traditional herbal
healers, pharmaceutical industry) are resource availability (i.e.
quantity and quality), accessibility, and cost-effectiveness of the
product, and are encouraged for direct and short term monetary
beneﬁts (Ved et al 1998). By contrast, the concerns of various ex-
perts (e.g. researchers, conservators, and planners) are to establish
conservation priorities for threatened (Rabinowitz et al 1986),
sensitive (Dhar et al 2000), and high-value taxa for biodiversity
conservation as well as sustainable utilization.
Documentation of ethnobotanical knowledge
Ethnobotanical information was collected based on three basic
approaches (Phondani et al 2014): (1) interviewwith the informant
while visiting the forest; (2) inventory of plant specimens and
subsequent interviewing with informants requesting the names
and uses of the plants collected; and (3) interactive discussionwith
various stakeholders such as traditional herbal healers (i.e. vaidyas),
Ayurvedacharya, farmers, traders, scientists, forest ofﬁcers, and
medical doctors of different age groups.
Cultivation and conservation
The selection of target groups and local farmers was based on
their interest in cultivatingMAPs and on the income per household.
Five mother nurseries of MAPs were developed through the
participatory approach in all three village clusters for capacity
building, demonstration, germplasm conservation, and seedlings
distribution to farmers. Training programs for farmers were orga-
nized on cultivation, harvesting, and marketing of selected MAP
species.
Propagation techniques
During March 2008, the material (i.e. seeds, stem cuttings, root
and rhizome) of 11 MAPs were collected from the herbal garden of
G. B. Pant Institute of Himalayan Environment and Development
(Almora, India). Seeds were sown 2 cm deep and 15 cm apart in
moist soil. Regular weeding and irrigation during dry periods were
assured to optimize seed germination and the development of the
seedlings. The stem cuttings, root/rhizome, and slips were cut into
small pieces; each piece contained 2e3 active buds and was plan-
ted in the soil. The plot size for each species consisted of 5  3 m at
each location. The pieces were planted during June 2009 on well-
prepared soil using farmyard manure to improve soil fertility. The
propagation studies were conducted per the Randomized Complete
Block Design methods using each location as replication (Sher et al
2010). Data on percentage germination, sprouting, rooting, survival
percentage, number of days from sprouting to ﬂowering, plant
height and yield of usable plant parts were obtained at different
time durations.
Approach for yield assessment and cost-beneﬁt analysis
The cost-beneﬁt analysis of cultivated MAPs was calculated in
US dollars/hectare/year, based on local market price, which in-
cludes the cultivation cost of all species in different village clusters.
Figure 1. The location map of the study area in the Champawat district of Uttarakhand state in India.
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Figure 2. The participatory approach and action research framework for harnessing the potential of MAPs in the Himalayan region. MAP¼medicinal and aromatic plant.
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monetary equivalent, based on current market price (Maikhuri et al
2003; Negi et al 2011; Phondani et al 2011).
Facilitation of marketing
For proper and legal regulation of medicinal plant cultivation
and trade, medicinal plants growers from all three village clusters
were registered by the Herbal Research and Development Institute
(HRDI) in Chamoli, Uttarakhand. The Herbal Research and Devel-
opment Institute is a state government institution that was estab-
lished for promoting MAPs cultivation and conservation in the
state. Toward better marketing of selected MAP species, a memo-
randum of understanding was signed between farmers and traders
for a buy-back process. An integrated value chain was developed
and facilitated to solve problems related to cultivation and mar-
keting trade of MAPs in the selected village clusters.
Awareness and exposure visits
Participatory learning and sharing of knowledgewas the process
adopted during the present ﬁeld-based skill development pro-
grams (Rawat et al 2010; Negi et al 2011). In this context, 50 cluster
level meetings were organized with farmers, traders, herbal
healers, public representatives, experts, women self-help groups,and nongovernment organizations and ofﬁcers from government
departments. More than 200 participants actively participated in
the workshops and meetings and beneﬁted from them. Discussions
revolved around uses, cultivation technology, market demand,
transportation process, and conservation strategies. The selection
of progressive farmers was based on their willingness to cultivate
MAPs as a cash crop.
Exposure visits of 132 progressive farmers were made to various
institutions working in MAP sectors such as the HRDI (Chamoli
District), Central Institute of Medicinal and Aromatic Plants
(Udham Singh Nagar District), Centre for Aromatic Plants (Dehra-
dun), National Bureau of Plant Genetic Resources (Nainital, New
Delhi), Govind Ballabh Pant Institute of Himalayan Environment
and Development (Almora), High Altitude Plant Physiology
Research Centre, H.N.B. Garhwal Central University Srinagar (Pauri),
Energy Resource InstituteMukteshwar (Nainital), and Krishi Vigyan
Kendra (Champawat) in Uttarakhand, India and in some areas of
Himachal state in India.
Results
Perception analysis
Before initiating this project, none of the farmers were directly
involved in cultivating the MAPs; however, they collected plants
Table 1. Medicinal and aromatic plants collected from the wild by villagers for different purposes in Indian Himalaya.
Name of plant species Collected
from/forest types
Distance from
the villages
(km)
Family
involved
(n)
Time of collection Part collected Quantity
collected
(kg/y)
Purpose of collection Price at
local market
(USD/kg)
Self use Sale
Asparagus racemosus Willd. Submontane to
montane forest
5e7 27 OctobereNovember Rhizomes 90 Home remedies O 3.08
Cinnamomum tamala
Bach.-Ham. Nees & Ebermaeir
Tropical to
temperate forest
2e3 58 OctobereNovember Leaves, bark 500 Home remedies,
herbal tea, spices
O 1.54
Hedychium spicatum
Bach. Hum. Ex J.E. Smith
Subtropical to
temperate forest
2e4 30 OctobereDecember Rhizomes 300 Home remedies O 1.24
Origanum vulgare L. Temperate forest 2e3 62 SeptembereOctober Whole plant 300 Home remedies,
herbal tea
O 2.47
Sapindus mukorossi Gaertner Tropical to
temperate forest
1e2 70 MarcheApril Fruits 500 Home remedies,
herbal soap
O 0.93
Valeriana jatamansi Jones Temperate forest 3e5 35 OctobereNovember Rhizome, leaves 350 Home remedies,
perfume
O 2.31
USD¼United States dollars.
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sometimes for sale. A survey was performed to gather information
on plant collection, the collection period, quantity, and problems
faced during the collection period by the villagers, based on their
perceptions. The survey results revealed that a substantial amount
of MAP species in the wild is illegally harvested in the region by
unskilled laborers for different purposes and for economic beneﬁt
through illegal marketing (Table 1). The survey also revealed that
various issues such as the lack of knowledge about MAPs, har-
vesting time, unavailability of desired MAP species, and govern-
ment restrictions or bans onwild collection faced byMAP collectors
in the region. In addition, the phenological attributes of the selected
plant species was recorded, based on the perceptions and experi-
ence of elders and experts of the relevant ﬁeld and cross-checked
with regional ﬂora. The results were that ﬂowering and fruiting
time were advanced by 15e30 days, compared to normal ﬂowering
and fruiting time 10 years before (Table 2).Ethnobotanical knowledge
Local people have knowledge about the use of medicinal plants
to cure various kinds of ailments. In the present study, information
on the ethnobotanical aspects of selected 11 MAPs were collected.
These species were used to cure 28 different kinds of ailments
prevalent across the study area. Selected species were categorized
by the parts used for different purposes such as the underground
parts (36.4%), leaves (27.3%), ﬂowers (9.1%), fruits (9.0%), and whole
plant (18.2). Most (72.7%) plants belong to the herbaceousTable 2. Threat status and impact of climate change on the phenological attributes of m
Name of plant species Altitudinal range (m) Threat status
Asparagus racemosus Willd. 350e1500 Endangered
Cinnamomum tamala Bach.-Ham.
Nees & Ebermaeir
450e1600 Near threatened
Cymbopogon ﬂexuosus
(Nees ex Steudel)
500e1800 Cultivated
Hedychium spicatum Bach.-Ham.
Ex J.E. Smith
1200e2500 Vulnerable
Matricaria chamomilla Linn. 590e2000 Cultivated
Ocimum basilicum L. 1300e2200 Vulnerable
Origanum vulgare L. 1300e1800 Threatened
Rosmarinus ofﬁcinalis Linn. 1000e1800 Cultivated
Sapindus mukorossi Gaertner < 2000 Vulnerable
Valeriana jatamansi Jones 1200e2200 Endangered
Withania somnifera L. Dunal 1000e1800 Rarecommunity, followed by trees (18.2%) and shrubs (9.1%). The
chemical constituents of cultivated MAPs were mentioned. For
effective results, these medicinal plant species were collected in a
particular season and used by the standard method of traditional
herbal healers (Table 3).
The traditional treatment system is very important in realms
where modern health care facilities are rare or in very poor con-
ditions (Phondani et al 2014). Indigenous knowledge of herbal
medicine is a good illustration of poor rural communities, and these
herbal medicines used for curing variety of ailments through the
traditional health care system (Phondani et al 2014). Indigenous
people’s knowledge of medicinal plants and therapies of various
local communities has been transmitted orally for centuries and is
becoming extinct because of changes in traditional culture and the
introduction of modern technologies (Gangwar et al 2010). Indig-
enous knowledge of MAPs provides useful leads for scientiﬁc
research and rejuvenation of a traditional health care system in a
region. Farmers need to be encouraged to grow species that have
economic potential and ensure sustainability in their natural
habitat (Maikhuri et al 2003; Kala 2007; Phondani et al 2013). The
results of the present study indicate a strong need for sustainable
conservation and scientiﬁc validation of available knowledge
regarding MAPs before they are applied industrially.Cultivation and conservation practices
Results of capacity-building programs through onsite training,
and awareness about cultivation, harvesting, grading, packaging,edicinal and aromatic plants across the altitudinal gradients.
Perceptions of local people and experts towards ﬂowering and fruiting time
Before 10 years (2003) After 10 years (2013)
JanuaryeFebruary DecembereJanuary
MayeJune AprileMay
NovembereDecember OctobereNovember
SeptembereOctober August e September
MayeJune AprileMay
SeptembereOctober AugusteSeptember
SeptembereOctober AugusteSeptember
MarcheMay FebruaryeApril
JanuaryeFebruary DecembereJanuary
MarcheApril FebruaryeMarch
OctobereNovember SeptembereOctober
Table 3. Ethnobotanical uses of cultivated medicinal and aromatic plants among the local people for curing a variety of ailments.
Name of plant species Local name Habit Part used Chemical constituents Ailments the plants are
used to cure
Asparagus racemosus Willd. (Asparagaceae) Satawar Shrub Rhizome Asparagin, arginine, tyrosine,
ﬂavonoids, resin, tannin
Aphrodisiac, epilepsy
Cinnamomum tamala Bach.Ham. Nees &
Ebermaeir (Lauraceae)
Tejpat Tree Leaves, bark Cinnamic aldehyde, linapool Heart and throat complaints,
diarrhea
Cymbopogon ﬂexuosus Nees ex Steudel
(Poaceae)
Lemon grass Herb Leaves Myrcene, citronellol, geranyl acetat,
nerol, citrol, limonene
Common cold, headache, stress
Hedychium spicatum Bach.-Ham. Ex J.E.
Smith (Zingiberaceae)
Van-haldi Herb Rhizome Ethyl ester of p-methoxy cinnamic acid Dyspepsia, asthma, vomiting,
diarrhea
Matricaria chamomilla Linn. (Asteraceae) Chamomile Herb Flowers a-bisabolol oxide A and b, bisabolol
oxide B
Stomach ache, aromatherapy
Ocimum basilicum L. (Lamiaceae) Tulsi Herb Whole plant Pinene, myrcene, limonene, linalool,
terpenol, citronellol
Fever, bronchitis, cough and
cold, toothache, urinary disorder
Origanum vulgare L. (Lamiaceae) Van-tulsi Herb Whole plant Pinenes, dipentene, linalool, sesquiterpenes Antiseptic, stomach ache,
impotence, respiratory disorder
Rosmarinus ofﬁcinalis Linn. (Lamiaceae) Rosemary Herb/Shrub Leaves Borneol, camphor, borngeacetate,
limonene, pinene
Headache, boils, skin disease
Sapindus mukorossi Gaertn (Sapindaceae) Reetha Tree Fruits Sapanins, sapindoside A and B, kaempferol,
oleic, glycerides, stearic acid
Snakebite, freckles, eczema
Valeriana jatamansi Jones (Valerianaceae) Samyo, Tagar Herb Rhizome,
leaves
Limonene, cineole, borneol, nerolidol Epilepsy, cholera, asthma,
dysentery
Withania somnifera
L. Dunal (Solanaceae)
Ashwagandha Herb Roots, leaves,
seeds
Withasomine, withaferin A, withanolide Rheumatism, ulcer, carbuncles,
epilepsy, cough, cold
PC Phondani et al. / Journal of Asia-Paciﬁc Biodiversity 9 (2016) 39e4644and marketing among the rural communities could motivate 132
households in 10 villages in all three village clusters to adopt MAP
cultivation as a source of additional income. Researchers and
farmers initially tried several MAPs for cultivation; however, based
on cultivation feasibility and market demand, only 11 economically
high-value MAPs were selected: Asparagus racemosus, Cinnamo-
mum tamala, Cymbopogon ﬂexuosus, Hedychium spicatum, Matri-
caria chamomilla, Ocimum basilicum, Origanum vulgare, Rosmarinus
ofﬁcinalis, Sapindus mukorossi, Valeriana jatamansi, and Withania
somnifera. Based on feasible climatic conditions and high market
demands, Rosmarinus ofﬁcinalis and Sapindus mukorossi were
ranked ﬁrst and last, respectively, in terms of cultivation (Table 4).
Conservation of high-value medicinal plant species require
sincere and serious attempt by stakeholders. Developing measures
for ex situ conservation to encompass activities in totality within a
given time frame need identiﬁcation and concentration. The role of
interested farmers is very vital in developing demonstrative culti-
vation trials and an effective long-term conservation strategy. From
the perspective of biodiversity conservation, domestication, and
cultivation through appropriate technological intervention, MAP
resources is a viable option for natural resource management and
livelihood enhancement (Maikhuri et al 2005; Negi et al 2010).
Cultivation of such species mostly in abandoned and marginal landTable 4. Ranking of selected medicinal and aromatic plant species preferred by the dive
Sl no. Name of plant species The preference of diverse
Sex
Male Female
1 Rosmarinus ofﬁcinalis Linn. 2 1
2 Cinnamomum tamala Bach.Ham. Nees & Ebermaeir 3 1
3 Origanum vulgare L. 5 3
4 Asparagus racemosus Willd. 4 2
5 Ocimum basilicum L. 7 6
6 Valeriana jatamansi Jones 6 4
7 Hedychium spicatum Bach.-Ham. Ex J.E. Smith 9 5
8 Withania somnifera L. Dunal 10 8
9 Cymbopogon ﬂexuosus Nees ex Steudel 8 7
10 Matricaria chamomilla Linn. 11 9
11 Sapindus mukorossi Gaertner 10 9
MAPs¼medicinal and aromatic plants.
The sample comprises 132 respondents.will improve the economic condition of farmers and help conserve
medicinal plants diversity in their natural habitat (Phondani et al
2011). Therefore, cultivation of these plant species in barren and
marginal lands, as desired by local farmers, will be a step toward
obtaining their beneﬁts.
Propagation techniques
The MAPs were primarily propagated through seeds, stem cut-
tings, root/rhizome, and slips in nursery beds with a ratio of soil,
farmyard manure, and sand at 5:3:1, respectively. In this study, we
emphasized that regular weeding and irrigation during dry periods
must be ensured to optimize seed germination and survival of the
seedlings. The survival rates were well assessed in the initial phase
but many species simultaneously started to wilt and die because of
changes in weather conditions such as seasonal and climatic vari-
ations (Table 5).
Yield assessment and cost-beneﬁt analysis
The maximum yield (1650 4.6/kg/hectare) was recorded for
Hedychium spicatum, followed by Valeriana jatamansi (1300 5.3/
kg/hectare) and Cymbopogon ﬂexuosus (1200 7.2/kilogram/rse stakeholders for cultivation in the study area.
stakeholders on the selection of MAPs for cultivation Total Ranking
Education Age group (y)
Literate Illiterate 20 21e50 51
2 1 3 2 1 12 I
3 2 5 3 2 19 II
4 3 6 4 3 28 III
5 4 7 6 5 33 IV
7 5 8 5 4 42 V
8 7 9 7 6 47 VI
7 8 6 9 9 52 VII
6 6 10 8 9 57 VIII
9 9 11 9 8 61 IX
10 9 8 10 11 68 X
11 10 11 10 9 70 XI
Table 5. Develop appropriate cultivation calendar/plan for agrotechniques of medicinal and aromatic plant species in the study area.
Name of plant species Propagation method Sowing time Harvesting period Irrigation schedule
Asparagus racemosus Willd. Seeds MayeJune OctobereNovember Three times weekly
Cinnamomum tamala Bach.-Ham. Nees & Ebermaeir Seeds MarcheApril OctobereNovember Three times weekly
Cymbopogon ﬂexuosus Nees ex Steudel Slips FebruaryeMarch OctobereFebruary Weekly
Hedychium spicatum Bach.-Hum. Ex J.E. Smith Seeds, rhizomes FebruaryeMarch OctobereDecember Weekly
Matricaria chamomilla Linn. Seeds FebruaryeMarch MayeJune Two times weekly
Ocimum basilicum L. Seeds MarcheApril SeptembereOctober Two times weekly
Origanum vulgare L. Seeds MarcheApril SeptembereOctober Two times weekly
Rosmarinus ofﬁcinalis Linn. Stem cuttings MarcheMay OctobereDecember Two times weekly
Sapindus mukorossi Gaertner Seeds FebruaryeMarch MarcheApril Three times weekly
Valeriana jatamansi Jones Rhizome MarcheApril OctobereNovember Two times weekly
Withania somnifera L. Dunal Seeds MarcheApril SeptembereOctober Two times weekly
PC Phondani et al. / Journal of Asia-Paciﬁc Biodiversity 9 (2016) 39e46 45hectare). The cost-beneﬁt analysis of selected plant species under
cultivation/hectare/year was evaluated and emphasized that
highest net proﬁt (US $1469.69  $21.3/hectare/year) for Rosmar-
inus ofﬁcinalis and minimum (US $523.24  $19.4/hectare/year) for
Matricaria chamomilla after 3 years of cultivation (Figure 3).
Harvesting of MAPs is not an administratively deﬁned practice;
it is practically handled by untrained and unskilled daily wagers
and results in substantial destructive harvesting and loss of earn-
ings (Maikhuri et al 2003). Postharvesting practices also have direct
linkages with marketing a MAP business in a region. It normally
includes direct local consumption of collected MAP products or
products meant for marketing at downstream locations. The post-
harvesting process can involve separating shells underground
parts, leaves, fruits, ﬂowers, bark, and seeds in which the physical
shape is changed but the original characteristics are unchanged.
Some MAPs are boiled and beaten to separate ﬁbers or to take out
extracts per market demand. At the end of the packing exercise, the
product is marked to indicate the identity of the gatherers, quan-
tity, place, and time of collection. It is then transferred to local
storage or transported to end users for further processing. The post
harvesting techniques of medicinal and aromatic plants are limited
to a few species which are mostly used for self-consumption by the
local farmers in the Indian Himalayan region (Nautiyal and NautiyalFigure 3. Cost-beneﬁt analysis and monetary beneﬁt to local farmers through th2004). Marketing remains a major area of concern in the MAP
sector. Despite the overexploitation of MAPs from the wild, mar-
keting remains a weak link. Unemployment in Indian Himalayan
region is an acute problem, and it is impossible for the government
and public sector to provide jobs for all educated youths (Negi et al
2011). In this context, if educated, uneducated, and unemployed
youths can engage in the medicinal plant business, self-
employment of the local people can be increased (Maikhuri et al
2003).
Discussion
The present study provides a practical example of economic
potential and research on MAPs, which may help policy planners at
the national and international levels in linking livelihood and so-
cioeconomic development with natural resource conservation.
Medicinal and aromatic plant-based livelihood systems are often
mediated by market demand and are a good source of employment
and income generation to poor rural communities. Developing
appropriate framework and technologies for the cultivation of
MAPs is a critical factor to ensure a continuous and regular supply
of medicinal plants for the pharmaceutical industry and to halt the
degradation of the natural resource base. The participatory actione cultivation of MAPs. ha¼ hectacre; MAP¼medicinal and aromatic plant.
PC Phondani et al. / Journal of Asia-Paciﬁc Biodiversity 9 (2016) 39e4646research framework approach would be helpful to the farmers,
traders, scientists and policy planners in the context of socio-eco-
nomic development for sustainable livelihoods of the subsistence
rural communities.
Lessons can be drawn from the present study, particularly in the
mountain region of Indian Himalaya, to guide and develop research
frameworks that help understanding the appropriate linkages be-
tween various aspects of MAPs under different environmental and
socioeconomic contexts. Based on the results in the present study,
the major recommendations for future research are as follows: (1)
because of the vast potential of MAPs, cultivation should be pro-
moted on barren, nonarable, and marginal lands under a partici-
patory management action plan to improve the economy of
deprived farmers; (2) strengthening indigenous techniques of MAP
cultivation should be encouraged through promoting cost-effective
and appropriate rural technologies such as polyhouse, nethouse,
polypit, mulching, and organic farming; (3) traditional healers,
farmers, and other stakeholders involved in medicinal plant sectors
should be properly registered and ofﬁcially recognized; (4) strict
implementation of laws and rules should be enacted to secure
community-based traditional knowledge and intellectual property
rights and to ensure equitable beneﬁts sharing among the stake-
holders; (5) formulation of herbal products and promotion of
value-added products of MAPs for possible market opportunities
and better return to the farmers; (6) farmers need to be encouraged
in the promotion, protection, and uses of MAPs by providing in-
centives and training on the latest activities, developments, and
policies related to MAPs; and (7) regular backstopping should be
promoted through meetings, exposure visits, and capacity building
for long-term sustainability.
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